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SOME ASPECTS OF- STUDENT UNDERSTANDING OF -
ROCKS AND MINERALS -

A Working Paper of the Science Education_ﬁegea?ch Unit
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INTRODUCTION

-

Recent developnents‘ in cognitive ?psychologyA (Wittrock, 1974; 1978:
Greeno, 1980) and its application to teaching strategies KChampagne et al.,
1981, Osborne and wittrock, 1982) have led to the view that a learner's prior
knowledge must interact with 1ncom1ng 1nformat1on to generate meaning. For
learning to be effective and long labt1ng, this generated meaning must ,be
linked, in a variety of ways, to information in long~term memory (cognitive
structure) . This approach emphasises the importance of._ an understanding of
the ideas that 1learners bring with them to the learn1ng .situation, ‘both in
terms of helping teachers to understand more about the process of learning and

in terms of helping to develop more effect1ve teaching strategles.

In the past,™ many teachers have generally not seen the - necessity to
understand how teaching needs to be related to the learner's background and
‘his/her current level of understanding. Lovell (1980) has placed this within
the context of the classroom teacher. He highlights the s1tuation ‘whereby a
student is introduced to a new topic during a science lesson and (s)he already ‘
has some prior ideas and a conceptual framework wh1ch relates to that topic.

"This framework of ideas may have been establ1shed from ' past personal

experience 1nvolv1ng previous teach1ng situations, exposure to news nmdla and"‘“”“"

ﬂ everyday encounters with familiar words.
A c s ' P . L . ‘
Building upon existing conceptual ideas, or modifying available ideas .
within cognitive frameworks, would seein. to be a more fruitful approach to
teaching, 'rather than .viewing the learner "as a 'blank slate' needing a

completelydnew cognitive framework (see Gilbert et al., 1982).

The  Learning in Science Project '(Osborne et 'al;, 1981) has taken a
pragmat1c research approach, emphaS1s1ng the philosophy that science teach1ng,
at all levels, might be 1mproved if teachers can reach a better appreciat1on
of the learners views of the world. The: Learning in Sc1ence Project has
focussed on the broader ideas and alternative frameworks that. the learner is
'likely. to' take to the science\\learning situation; More spec1f1cally, the
Learning in Science Pro;ect has probed those beliefs, 1deas _and v1ewp01ntS'
'that learners employ during science lessons. This emphasis has not been
evaluatlve, rather_lt has attempted\ to obta;n *his;kind’of informationlby
means of ~ small-scale, in—depth research that can  relate its _findings to
_ science teach1ng essent1ally at the Forms\l 4 levels._ . .

\
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' ,pWHAT IS A MINERAL?
[’

This investigation looks . at the topic "rocks and minepals" andnattention’”
' PR

has been brought to bear‘on_the knowledge, ideas and 1lgfiguage that learners‘

might possess in th1s area. The topic "rocks and minerals" is seen to be an
1mportant teach1ng area within the earth  sciences (Happs, 1981) and th1s topic
is 1ncluded 1n the Infants to Standard 4 syllabus, in Section 4 (level 4) of
the Science Form 1-4 %raft Syllabus and Sectlon 8 (level 5) of -the same
syllabus.

. 2] '
Information has been obtained from interview protocols, word response and
sorting tasks associated with rocks and minerals. Some understanding has
emerged‘in the following areas:
(i) Ways in which children'.and adolescents view and describe rock and
mineral samples and how they relate these ideas to rock and mineral

orlglns and compos1t10n-

(ii) = Ways in which learners tend to categorise rocks and m1nera1s-

(iii) ways in whlch learners respond to key stimulus-words that are
considered by earth scientists, to be important in:the study of rocks
and minerals. | |

Prior to. the examination and discussion “of results 'from this
investigation, it might prove usefhl to consider the 'core knowledge' from
these three areas that an earth scientist may pergeive as being of impdrtance.

-

'Earth. Examples are 11ke1y to be coal, o0il ani clay.

a

hWe frequently’hear,ef.pertain-plant foods that will provide ‘'minerals'

for plant growth and vitamin pills which will provide the human body with -
v'minerals' that . are essential for goéd~hea1th. A miner may consider a mineral

- to be amy material that 1s of economlc vaﬁue and which can be removed from the

.The term mineral' is often used loosely in everyday language wh11st the

earth s01eFt1st tends to be more pre01se ‘when the term ‘is used. "A‘mlneral

t

refers to an 1norganlc substance which has a definite chemical composition and

an ordered atomic’ arrangement. Theclnclu31on of the rider ‘an ordered atomic

arrangement"implies thatﬁmiheralshare crystalline rather than amorphods.

T
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About 2,000 minerals are known to exist, although only about 20'of these
minerals make up more than 95 percent of the Earth's crust. All rocks contain-
.‘one or more minerals. ‘ Minerals are commonly dispersed throughout rocks
. although they can be concentrated to form m1nera1 depesits+ such as ore
bodies. Some important ' rock-forming minerals, used as examples in this
investigation are: . . AR : b
(a) guartz: ‘This mineral is commonly found in igneous rocks such as
granite. Sandstones are sedimentary rocks which are largely made up of
angular and occasionally well-rounded grains. of quartz [silicon dioxid;}.
Quartz is also a common constituent of. many - metamorphic rocks. It is a ;
common mineral of widespread occurrence and is readily distxnguished from
calcite by its hardness (quartz has a“ hardness of 7, on a scale of 1- 10,
" whilst calcite has a hardness of 3) and from feldspar by its lack of
.cleavage (feldspar usually has good cleavage). The colour of.minerals
' alpne does not usually’ offer .a reliable means of identification and
'guartz is no exception. The colour of quartz varies w1dely_fgom—being“““’—‘

colourless to WhltL, purple, p1nk, yellow, red, green and black.ﬁw“ﬁ:

"~ (b) feldspar-" The feldspars are the dom1nant const1tuents of most igneous

rocks and thus” are" of volumetr1c importance. 'Chemically “the feldspars
are ‘potassium, ard sodium to calcium, aluming silicates. Orthoclase
(sample used in. this 1nvest1gation) occurs as an 1mportant component of
~the more acid 1gneous rocks such as gran1te and rhyolite. It shows 'g
perfect cleavage,,a/hardness of 6, with a colour range through white,
red, flesh-coloured and colourless. ' , h\\
(c) bzotite. This is a common rock- form1ng m1neral which occurs as a primary
component of 'ac1d'1 igneous .rocks. It is commonly found as a mineral
of . metamorphic origin, e.g. biotite-schist. Chemically, _biotite is a
magnesium, iron; aluminum and potassium Silicate. It is a black mica
¢ [sometimes it is greenish-black] which shows perfect cleavage, to yield
.’N\ thin flexible elastic sheets. Its hardness is 2 /2 to 3 and its black

colour and micaceous cleavage are 1mportant d1st1nguish1ng properties.

. < . . .
1.. The term ‘acid' refers to the silicon ledee content of a rock rather
than pH e.g. an acidic rock ‘has more than 65% S;0,.




L2
WHAT ARE CRYSTALS?

The early Greeks were aware that the mineral quartz often occurred in a
characteristic form; bhounded by flat faces. Because the mineral was often
transpareht, it was 'thotight to have resulted via water freezing under intense
cold. The name 'Krustailos' (clear ice) was given and came to be the term

- used for any mineral which displayed such form,

| .
Crystals are homogeneous solids, bounded by plane surfaces, having a
definite symmetry which is an expression. of the internal arrangement of the

component atoms.
The majority of minerals are crystalline, even if this is not immediately

obvioUs to the naked eye because of the extremely small size of the crystals.

\ " ‘ . ) . : s s

' WHAT ARE ROCKS? . o ;

¢ E ' 3

Rocks may be defined as mrneral aggregates - composed of one or more'

minerals,..- Thus a heterogenous rock ‘sample can be’ examined to reveal the'

.

presence of a number of different homogeneous minerals.

"It is worth noting that the dividing line between rocks and minerals ‘is

not always clearly defined and, when a _single mineral occurs in great quantity

"to form a rock>mass, the name of the minera1°is also given to the rock. Some .

rocks then may be made up of one mineral only, e.g. the rock 'marble' consists
.of the single mineral ‘calcite' and the rock 'dunite' consists essentially of

’

the mineral ‘'olivine'. , ‘ 4 N

Looking at a ~large rock collection .for the 'first time gives the

'impression.that rocks are confusingly diverse, differing in colour, - texture

and -hardness; Some are layered whilst 'others have no structure that is

apparent to- the naked eye. - Despite this seemingly endless variation, we can

group all rocks into thrée main families, on those characteristios which
: . - S
reflect their genesis. These groups are:

Z
> 0

1. IGNEOUS ROCKS : These rocks are - formed by the cooling and solidification

4

i
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of magma2 and lava and consist of an interlocking aggregate of silicate
minerals. Some important igneous' rocks [used as examples in' this'

investigation] are: \

9 -
(a) granite: This 1is the best—known of the deep-formed [plutonic]
_— E igneous rocks. It is hard and relatively resistant to weathering,"

' being frequently used in monumental sculpture and construction. Ii: .
is'a coarse-grained rock with feldspar and quartz being the chief
minerals, along°with'hiotite. These individual minerals can often
be distinguished by the’ naked eye. . o xkr

R ~ (b) ignimbrite: “This is a rock that has formed via the flowage and
’ deposition of volcanic ash. Ignimbrites are commonly referred to '
as Hinuera stone, Tokoroa stone or Putaruru stone.
'The eruptions which give rise to. ignimbrites are violent and the
..eruptive products have great mobility which can result in material
'covering large areas with thicknesses of several hundred netres.f
o ) ~ The depoSits retain subsﬁantial heat, for some . time, and this
— ' results in the particles being welded together. ' .
' . (c) obsidian: When magma is ejected from a volcano to, produce lava
' " flows many of the resulting rock types are fine—graiged because of
rapid cooling. Obsidian 'is a . dense natural glass which has a
chemical composition Similar -to granite. : Although it.’is a
dark-coloured rock, thin pieces of -obsidian are translucent. The
rock ‘'can be identified by means of -its black3 colour and its

marked-curVing [conchOidal] fracture which is s1milar to that which

appears when man—made ‘glass breaks. - . ' ‘ i o
(@) .Eumice: This rock has a similar composition to obs1dian and is

also ‘formed by the xapid cooling of- 'acidic' magma. Pumice is
_ usually a white solidified glassy froth which has many cavities )
. : . [vesicles] formed by gases which escape through the viscous,
quickly cooling lava. The presence of trapped ‘gases within the
pumice make it sufficiently buoyant to float in water. '
(e) _scoria: This rock is produced from congealed basic. lava which has -

a_high proportion of ferro—magnes1an minerals. The: upper parts of

~ . . P \/r-
. . . .

2. The glossary in Appendix, A, offers. an explanation of thos§§germs which v
are commonly used, by . the garth scientist and which are pert nt to this L

. B _paper. Pyroclastic rocks, ‘€eg. - ignimbrite, pumice and scoria, have been

TN . grouped under igneous rocks for -the sake of 51mplicﬂty.

%“\) 3. oObsidian.can also_be green and brown in’ colour.

RS e g
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- this lava flow typically contain many cavities which are formed' by
escaping gases which come out of solution as the magma reaches the

surface. Scoria is dark-red, or black in colour with a rough

* surface. ) s

.

"SEDIMENTARY -ROCKS- . These rocks are formed“.by the accumulation,

. ﬂ‘consolidation and 'cementation' of sediment. The particles of sediment
are derived from pre—ex1st1ng materials which are transported, deposited
and ‘cemented'. Other sedimentary rocks are produced by chemical action,
either " directly or. via organic. activity. , Some; impartant, sedimentary

»

rocks (used as samples in this investigation) are:

(a) conglomerate.: These coarse-grained sedimentary rocks are made up

’of rounded or sub-angular fragments larger than 2mm. in diametern

. Such part1cles, usually comprising rock. fragments, are set\ in a-

matrix of finer material, Asuch as sand or silt.\ The coarse

- fragments which form conglomerates may be transported in sw1ft'

e . . r1vers,,glac1er ice or by “wave actlon. Conglomerates often grade
! laterally into sandstones. ’ )

“(b) sandstone: ., This rock is made up of rounded ‘'or angular fragments
with diameters of .02 to 2mm - The gra1ns are usually quartz,
feldspar and rock fragments, commonly cemented' together. .

(c). grexwacke. The most abundant rock \n New: Zealand, greywacke is a
. very “hard,- grey—coloured sandstone _which contains s1gn1ficant
amounts of quartz, feldspar and rock wfragments within a clay
matrix. Greywacke is commonly used for ad 'metal' and concrete
aggregate. o ) oo “

¢

. - 3. METAMORPHIC”ROCKS’; These rocks are formed w1th1n the Earth's crust ” by

the transformation, in the solid state, of pre—ex1st1ng rocks. This change
results from high temperature, hlghlpressure or both.: '

Approximately 95 percent of all rocks that are w1th1n the Earth's crust

are igneous or metamorph1c, yet most of . the rocks that we actually see on fthe

surface of ‘the Earth are sed1mentary. o This observation reflects the fact that

. . 1gneous and metamorphlc rocks are - products of internal processes, whereas

AL sedimentary rocks are essentially the result of  surface processes which are

‘@
ongoing at all times.

. N ‘ .'. . ! S . o *
- . l . v . ) o

. X o LN . . - . o
4, The & il scientists particle size scale is adopted here. - ‘

.
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Some important metamorphic'rochs (used’as‘examples“in this investigation)
are: : o . : b
'(a) gneiss: This may'simply be metamorphosed granite or of a far more
complex origin. . Gneiss is generally a coarSe-grained rock .which ..
g shows compositional banding. The .dark bands _may be biotite or
hornblende, with white bands 6f quartz and feldspar. Grneéiss does
not show any pronounced parting alongathe banding. ' 'D
(b) schist: This represents: a ‘more highly metamorphosed rock than;
gneiss. It displays a parallel alignment of flaky minerals and
schists tend to split along wavy, uneven surfaces. Mica schist is-
the most widespread ?etamorphic rock in New Zealand and resultsf
‘from the metamorphism of mainly greywacwes "
(e) marble: This is a metamorphic rock which is commonly formed by the '
'recrystallisation of limestone and its later change by heat and‘
'pressure. } , '
The -addition. of dilute hydrochloric ac1d to marble will result in

, -_ effervescence and the evolution of carbon dioxide gas.

SORTING THE SAMPLES
. [+]
‘The second phase of the investigation entailed the classification of the
rock and mineral'samples by learners. However, it should prove useful ‘at this
stage to examine the ways in which an earth. scient1st is likely to categorise

the f1fteen samples prev1ously descr1bed.5 .

. The earth sc1ent1st would be likely to d1v1de and group the 16 samples, - - °
s1mply, into 5 groups on the basis of their mode of formation whilst using the

criterion of whether, or not, the samples represent minerals or. rocks. “The

resulting groups are: likely to bé ‘

(i} rock-forming minerals:‘ - biotite (sample No. 1) _
' feldspar (sample: No. 3) ' N
quartz (sample No. ll)

(ii)  sedimentary rocks: ) conglomerate (sample No. 2) \\ R

e ] o , greywacke (sample ‘No. 6)

,5:_ A sample of a housebr1ck fragment was also included to provide an .example
[ERJ!:‘_ -~ . ofa man-made 'rock llke material.r- l() : ”W,wwl,lltffn

oy




(. e ‘ . ‘ )
' o co , , ]
- . sandstone (sadplé.No. 12) -

R . . ’ | , . o . gféywacke\pebble'(sample No. 15)
(iiir;,igneous‘rocks: , granite (sample No. 5)
" T , o .
“v : \ ignimbrite (sample No. 7)

: i ﬂ’fﬂobSidianj(éample No. 9) .
, C ; /’//j// | pumice‘Ksamplé No. -10) '
. TN L ' scoria,(sahple No. 14)

iy

,(LVY jmeﬁamprphic rocksi ' gneiss (sample No. 4) Lt
, . ) . %
. < . 7 marble (sample NG. 8)
> . ' schist (sample No.'13).
\ -t . . ) ‘
(vf” man-made material: housebiick fragment (sample No. 16)

a
by - ‘ . .
. . .

This c1assifégé§ion Scheme could wellTBe“extgndeﬁ by looking more closely at
the origin of rOCks.6 Further information on this aspect is provided in
Appendix B. ’ ’ ' :. . :

THE INVESTIGATION | o | ' L e

Thirty four students (4 x EL;7~5 x F2, 6 x F3, 6 x F4, 3 x”FS, 5 ilFé,‘

5 x F78). participated in this investigation ‘and these were selected: ftom
three intermediate and‘six co-educa£ioné1 secondary schools. Each sthdent.was
idéhtified by his/her science teacher, who‘was.asked.to choose class members
of ‘average scigntifiélabi;ity'.g |

~

In _oider that student 'saﬁples were kept fairly: heterogeneous, ‘not all

students\from any one age level were interviewed from the same school.

6. - The further_qléssifié%tion of ignedhs,‘sedimentary and metaﬁorphic rocks
: becomes quite complex and it would be inappropriate to venture. into this
area, within the scope o; ‘this paper. The reader who is interested in

finding out more .about .the classification of rocks ~and ' minerals is

referred to texts such as Cox, K.G. et.al., 1967. The Practical Study of

Crystals,,Minerals"and Rocks, London, McGraw-Hill.
2. Fl = Form 1 (11 year olds); F2 = Form 2 (12 year olds). o S

8. ~All Form 6 and 7 students took English, geography and at 1least one :

science option. . / L

9., A number of sthdents appeared, to the investigator,-‘to be somewhat ' above

' average. . ' D ‘ o : '
ii

L . . -
i )
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] - ' ,
, ' During the individual interviews each student was asked to examine the

2

B R various . rock and mineral samples whilst later questioning elicited as mUch

. . information as possible about the samples. ' v : ' .f

. . Each’' intezview lasted approximately 30-45 mninutes and a di5cussion of

. ' - observed samples was encouraged, in terms of the students' own language and "”“

l
f
:
f

ideas.' It was emphasised, prior to each interview, that there would be no Tw

~- emphasis placed, or comments passed, on 'right! or 'wrong' answers. Every
interview was kept as - informal as possible '‘so .that a non-threatening
the purpose behind each interview andg- th ‘need to.use a tape-recorder.lo"“
k‘»’ R £

o ‘ I V ’ M ‘ I y‘t' ’ B I ' . \

v ﬁ Thirteen cards were shown in sequence,‘to each student at the end of the

sample phase'. A stimulus word11 was written on each card ro that students

atmosphere might be maintained throughout. Students were fully informed about

.were provided with another opportunity to give more information with regard ‘to

-

rocks and minerals. . N

" 4The interv1ew ended with a 'sortinq-phase' whereby each student was asked
- //\

'be arranged, according to common properties. When this task was completed,

students were then asked to provide the reasons for the categories they had-

to place all rock and m1neral samples in front -of him/her. 'The student was !

i
1

t
i

then asked to sort, or group, the samples in the way they thought they should

j
I

generated ‘and to give 'labels' for each categofy, wherever possible. In this

1

way it was hoped to gain some 1ns1ght into how the ﬂearner might group rocks.

’ »
Y and minerals, in comparison to’ the earth scientist. : !

/.:— . . ot 1, L A » \--/; B )
' &The\ responses to the three ,phases of the 1nvestigation1 will: %ow be

o

summarised, bear1ng 1n mind that the questions posed were open—ended,'usually

starting w1th- “What do you see there?', when a samg!e was. placed in front of

! 2
- .the student.- - P . ?-’\ : -(. T
. LN oA

R ' - . /¢/ - - P ‘.
i ) . - ."The terms 'rock' apd-'mineral' were only used if thégp:ere provided by

1 .

. . . B e

e the student, so that once A sample had been described as a rock, then the

cip

.
j
|
.i

e . N . D
. - . . - )
L

- j confidentiality assured. -

. ;ll.'“The stimulus ; words Awere:‘ rock, m neral,ﬂ ‘sedimentary, igneous,'.

metamorphic, quartz,' feldspar, grapite;, / pumice, .greywacke, sandstone,
marble, schist, * G : ' . § o

~

4‘7. . . A .
’ ’ - . i (s . . X . . oo
Prosrex rovizao cnc [T [ IETERTIN LR O I . o - B ) '

10.\ Permission to use a tape—recorder was sought from each student-and full

|
:;

'
L
i
!
!
t
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1nterviaw could pursue the ntudcnt'a\meanlng of  that word, nﬂing questiona

“such as: "whut 15 a reck = in your moaning “of, tho word?" -

€ s

SAMPLES . : e '
T ant———— » : . . ) . .

N

Thlu firat part of the 1nventigation nhowod that pdpila, in'deacribinq

\e
oarth ncionti t. Here we will nummuriac theae reau]tn ) N\

‘rock and mineral namp}oa. ﬂocua on quito dirﬁerent attributes. to thone of the

(u) Firntly .:ﬁb word mineral tnndod not to be anno615€€5' with ny of éhe'i

B 'namplon. In Ehe case of biotite (a rock- ~forining mineral) for\lnutanco,

none of the atudents connldorcd that the.. ﬂample might be a mineral. nor ?
wan thé term 'mineral’ applied to any of the sampled. Lgnrnorn‘gonorally.:

applied the word 'rock' to the miperal numpleﬂ and tended ro use theo wordlt

in an intuitive wayt

3“

* . o'1a junL aay it'o (biotitc) u rOck becnuno I know it's a
- réck, *12 (305) -
A M1t (feldspar) juut lo%kn like a rock - I‘don;t;know;"f
' (501) . E ‘ C

v

Tho idea oﬂ ntudontn juat "huving a fonling" that nomothing 1n a rock,

»

wag quito prevalent:

W

"I don't know - I've jusnt. got thin ﬂenling it'n (gnoinn) a
rock." " (403)

Loew oy

o . o ‘ B . 15
(b) Secondly, terms such..as :cryntal';B, 'ntonc'l4 and pebblo 15 ware

nnéd'to dnnc;ibo tho samples in a loose, non—ﬂciontiﬂic way with loarnarn’_

“:WAYS IN WHICH_ CHILDREN AND ADOLESCENTS ‘VIIW AND DESCRIBE ROCK AND MINERAL .

-Oxford ‘Dictignaty, refers to:
- © "golid part.of the earth' B cruat undorlying aoil ... a largo
detached satone, boulder."

->13., The ‘everyday meaning of the word 'cyrntul' an’providod_by‘tho Concige

"Oxford Dictionary, referus to:
“A clear transparent ice-like. mineral."

Oxford Dictionary, reoferas to: » .
"A place of rock of any shape, detached from the earth's
crust and of no great size, or a single plece uged . or
usuable in building or roadmaking or as a missile."” ’

The ‘'overyday' meaning of - the ' word 'pebble', as provided by the Conclse

Oxford Dictionary, refers toi - ‘ :

‘ "A small atone worn and roundcd by accion o! water.
St i D R . .‘

"12;. The ‘everyday' meaning of .the word ‘'rock'; &s provided by the Concine ;" o

14, 'The_'overyday meaning of the. “word 'ntone' nn provided by the Concina




which largely doto:mihcd'wpothor,'or not, tha,tekm“'atono' wao uged:. ' !
. | S~
X, "Oh, I nee ... it'n a smaller plece so it's a astone?" —
T TR "Yau. (102)

o ’ ‘11" . ! . . L

“walght of an object as critoria-for their identification. ror instance, |
" the ‘avaryday' (dlctionary dofinition) mounlnq for tho word 'wstone' waai
. . i

{

connidered and applied by nix students (1 x Fl, 1 X F2, 1 x F3, 3 x I4)
to describe thé«ﬁqmplo’oﬂ feldapar, which wao a tabular plece moaéurlngi
N . ,

approxlméﬁcly 30 k*go X 10mm. It secmed to be the_plz;'ot the:nampleéj

-

i
}
|

" (ec) ‘Thirdly, nome. of the larger uamploglﬁ were readily described, by most
' ﬂﬁudcntu. asn ‘rocks'. - ~ o o ;
| : . - .‘A
f”Ydé - averything that'sm this size, or uomathinﬁ bLigger, %
is Just a rock to me." (305) ] - K
The 'mmoothnessn', or othorwise, .of ‘a nample was noted and used as ai
criterion by mome students, . . : I
I.- "So you think we might have a plece of rock?" (holding , |
conglomerate) .. - - T o i
RH_'"Yné - 'con rocka are Jagged."- (205) . _ '.W
The. welght of individual sampleos was ﬁgequohtly }nsnennodi by ntudontui_
prior to them deciding whether, or not, samples ware to be called rockni f
I "Well, why ig that a rock?" o o . o
M. "It's got the weight," (l01) - .
The‘uamplc of greywacke (a qedimcntary;rock) appeared to be ‘more akin to;
 what most students genarally regarded as being a 'typical rock'. . Twenty
oighE‘ntuQGntu (2 x FL, 5 x F2, 2 x 3, 6 x I'4, 3 x Fj, 5 % F6, 5 x F7) |
wore confidont in describing thin nnmplu as a rock. However, once again,
the reasoning behind this opinion usually falled to match up with the .
. . ¢ ‘ ) =
sclentinte' view of a rock: g
) I. "You duum vefy sure about that. NOW‘why should that ‘
be a rock?" = ' ' l
16. None of the nampléu mouuurod'more thhnylZOmm acrosn its.longent face. e

i

'tondlng to cbnuidor'factorn such as physical npﬁodranco. hhape, or tﬁof

, _ : ’ B



- ' ‘ . ' e ' "12“ ‘ ) . . / '

N. "lt'n hoavy und it's lumpy ... and €the. slze R
probably the colour mulnly -'dull colours.*® (204)

L —

Tho torms 'ord!nury' and 'du]l' ware ~commerly used, even by those!

lei . ntudonta who did not see the greywacko pample an belng a rock.

. g§ﬁxt'u an ordianyﬁntono.“ (103)

- o _—8tudents! ——dependencc——on——ﬁactorn-—Buch——an“‘*iriqht' and~ 'colour’ 'whon'
decliding whethor a sample was a-rock, proved mluloudlng in the cusa otl
the pumices This numple '(uh lgn00un rock) was the most wldely
recognised, with only throo -studentn (1 X I, 2 x F2) not bolng ablo to'
identify 1it. Doupito this - majorlty recognition of pumlco,‘ only six:
students (2 x F2, 1 x F3, 1 x F6, 2 x F7) felt conf ident that thoy were o

~looking at h_:o&ka |

Y .
o - Ul e A et RO e . . \
. . ’

(d) Learners fregquently considerad factors such as. phyalcul upponrunco, uhupo-

~ or ‘the. welght of a sample as 'criterlal uttributon. ~ Non-¢: lfic 7

1nngunga ln commonly brought into play,'thua we ofton ﬁeur of VGnlclgn'
'ukldding ‘in the grr.wal':r7 with tho implication being mudo thnt grnvol

is mudo.up of nmull-nired, loose mutorial, uuunlly found on tho nido oﬁ'
\

roadways. 7 ;

‘ ;
The ourth ‘pcientint is 1ikely to - placo slze rungnu on a number of,
purtlcle torms, with the oxceptlon of the word 'utono ¢+ BO’ that they take,
on more uéociflc . meaning. Although the word 'stona' does appoar ln?'
literature rolhtlng to the earth sclencen, e.9. utong-roqf; utopywdono:t,u

no doflnlﬁo size range is placed upon a ‘ptone'.

The geologist and soll sclaentiat plucé “procine ‘size boundaries on u;
number of particles, although their .individual "ncales are nlightly’

. different. o

17. Tho 'everyday' moaninq of the word gravol' uﬂ-provldod by the Concine’
Oxford Dictionary, refors tos: . ) A

! "Coarse sand.-and “amall water-worn or poundod ntonon, much

used for laying paths and ;oudn.. a

f\;\»&_igf " f. , i{;
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L o _ &
Size Tarm - . Geologist's Scale (mm) 8011 Sciontisgt's cale (mm)
boulder © . moru than 256 . : wore than 200
cobble- ‘ 256 - 64 - : 200 ~'50
pubble ) ) B 64 ~ 4 . o 50 - 4
") .gravells . - _ ,
granule ) - : ‘ 4 - 2 . 4- 2 N
gand ., - : 2 - .063 s 2= o2 '
nilt.) ' L063 - ,004 ., J02 -~ ,002 .{_
clay ) mud less than .004 ‘loss than .. 002 {
: , : i
|

(e) Ao anticipated, utudgﬁgb were, 'genarally, ‘not  able to. carry: out the
' axper fance-spocif ic task. of rock and. mineral 1dontiﬁicntion. ‘Moot |
learnern were able to offer’ limited doacriptionn of each sample, uning
. _-“ i’ "evcryday terminology, although few wore succassful in arriving at corrocrl_
* ' namas for any of the gsamples. In the case of granites (1, nLudont (603)1
thought the sample wasg like grnnite), xgnimbrito (l ntudant (602) uuodﬁ
the term: 'Hinuern Stone'), marble (1 student (60]) uued the term '‘marble’
but doubtod that the sample was a rock), obuidiun (4 utuduntn (1 x Fdrunmfwé
‘ 1 x FS, 1 % FG, L. x F7)- 1denticicd the nample corroctly), pumico (only 3 -
o ntudontn (L x F1, 2 x F2) were not able to 1dont1fy the uample by name,
_ but only 6 of themé students (2 x F 1l x F3, 1 x re, 2 x I'7). felt that
Q_'; ' "the pumice represented a rock), sandstone ‘(1 ntudont (703) providod ite
- Jcorroct name);, ncoria (6 ﬂtudontu (L x F1, 1 x F3, 1 x re, 3 x F7) weru:

"able ‘to provide the - corroct name) . The ¢+ hounebrick fragment wasn -

»/ rocogniuod an nuch,.by 23 ntudentm (3 x. Fl, 2-x wz, 4 X F3, 3 x Fd,_2 X

f F5, 4 x F6, 5 x F?) nlthough only 0 of thuno mtudoncu (2 x F2, 1L x r3,
_j 1L x K6, 4 x F7) ronliued thut it wan nctuufT@ mnn-muda. Apnrt'EEOm thowe -
|
|

students indicatod in.: brncxotﬂ, no othorn doncribod or labelled the

" samples 1n a way that approximnted tho carth scientigtn,
In summary, - the ways 1n which children and adolqnccntu use lungungo in
thin area, and {to appliantion to the dencription of 1ndividunl rock and
minornl namplcn, . 18 shown 'ln table 1, " along with the kinds of
modificationu which are recommundod, from tho earth noiontintu' point of

L]

.view: .

= f

19.' siro definitions_vary for tho torm gfdvel'. In this paper gravel is f
taken to include 'granulen' and 'pebbles' o.f. the Wantworth nize noale B
which regarda 'gravel® as being any particle over -2mm in diameter. S

~
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. 'LEARNERS' VIEWS .~ . i MODXFIC}\"'IONS NEEDED

1., Thq.ﬁhrﬁ 'rock' is largely used Students nheed to be able to oxumlne
7 ina nQﬁ—nCIontlflc way, with T~a few kay rocks which contain’ indlvidu
© . eriteria such as 'weight', minorals..  Even {f individual minerali

‘colour!, 'size' and 'jaggedness’ cannot be identitied, a good light~
(bolng omployed. 0.g. & relatively source, and hand lens will show many

' " large sample of dull-looking " rocks to be made up of mineralas.

graywacke rock was raadily Grunite io a good example.
~ dencribed as a rock by 82 parcent : ' "
of students intorviewad.

. . . e [T . . y

2. -Rocka are Eommonly doncribed and . A fcw of the more important rocks
blaaulﬁiod ap ‘'‘crystal rocks' or. shoud be cluuulflqd according to

-'‘normal rocks', ectc. Colour. ‘their mode of formation. Straight-
again, appoars to be important to forward examples, such as coarsely- "
‘ ‘studentu whan-thay clagssify . crystalline granite, uandhﬁona and
- vamples of rocks and minerals. schint can be used to contrast puttornu

of formation.

O S
°

3. The term c;ydcul' is ﬁrequontly The co)our and ﬂhapo of{ndividual
" used by students when they ‘come to samplos-can be quite minl¥ading
dencribe both %ockn and mineraln. durlng identification. Cilystals are

L4

_"he word ‘crystal’ tondn to be  bounded by plane. purfaces|and have a
* used ‘only if the particular sample dofinite symmetry, yet thils {s often
~7is sufficlently attractive to affficult’ to mee in rock symplesn.”

-them. o : photographs or slides of 'id '

~ oxamples of crystals are neede if
. actual samples are unobtalnable.\-

e e A

4.;uThe term 'ntonck 16 used an “The term 'stone" does not. take ofiy any
K frequcntly an the term 'rock'. nclontific meaning and is general:

" ,8tudents tend to une the criteria not used when describing rock and
of ‘size and attkuctlvanouu when mineral samples. ‘The two meanlifjs .
decldtng on whl?h term to use. should be compared. '

‘5, The term 'mineral' appears to Minerals are commonly disperosed through~-
8 have 1little or no connection. out rocks as inorganic substances with a
with the '£abric of rocks, as definite chamical componition,  The
far.as learner | are concérned. : evoryday meaning of ‘'mineral' should

' -7 be contrasted with Lho ncientific view.

b

¥

‘ TABLE‘Lx LoarnerL' viewu of Tormu Such an 'Rock', ‘'Crystal', 'Stona',
- and 'Minoral'.

S “A( _ - . 1 / o -

’;{ai‘\\'-w..__“

-4
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A ]

. THE CATEGOR.ISATION OF ROCKS AND MINERALS BY LEARNERS -

- .
.

'_vest1gatlon provided useful -information concerning

-This pha se of t}E
'those aspects of the learne‘s' views of rocks and minerals, \as reflected in
kthe ‘'way they approach task of claSS1fy1ng the samples prov1déd s 'g*

Students placed all 16 samples on a table in front of them and were then

' " asked to imagine that the collectlon belonged to them and they had the task of

sorting them into various groups for d1splay purposes. They were &old that

they ‘could have as many, or. as few groups, as they wished and that each group
was to‘@ave .a suitable label, 1nd1cat1ng why they had been sorted in that
way. . The learners' approach to develop1ng categor1es for rock @nd m1neral

samples was in: stark contrast to the approach that is 11kely to be taken by

the earth sclentlst

P -

e

° A number of 1nterest1ng p01nts have emerged from this section of \the ,

-

1nvest1gatlon and the follow1ng 1s a summary of the more 1mportant results.

4

(a) Students tended to d1v1d° ‘the samples qnltlally into those they called

'rocks' and others that were 'not rocks'.

-

(b) - Fifteen categories were generated for those samples which were identified

as being 'rocks'. These could be ‘collapsed' to provide seven - groups

us1ng the - following criteria for categor1satlon- appearance; origin;
we1ght- compos1tlon, changes, useage; - location. ’

,.\\*\;

(c) Collaps1ng the eleven categorlef for samples 1ndent1f1ed as not be1ng

R

_rocks, 1led to _eight groups with the following criteria be1ng adopted-

appearance; origin; we1ght/strength- composition; actual names; stones; -

comparlsons, fam111ar1ty. o , R - .
(d) Four common groups emerged from the categor1es 'rocks"and ‘not rocks'
These groups ‘were: appearance, or1g1n, we1ght and composition.

g

It is 1nterest1ng to note that the earth. sc1ent1st 1s l1kely to identify

samples accord1ng to their mgde of origin and compos1tlon. Furthermore, the ;

s
[ S S

appearance of rock samples . is frequently used to prov1de category names. __See

_ Table 2.

B TR e L '
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\Sx\g\;f - A simple categorisation scheme proposed by one earth scientist is shown: :
B \\bel_ow:_ S ‘ » . ‘ s ‘ ~ = i | . . .
- ) 3 .J’ . ‘.?: . 3 b ) ° o
T : :
~ M - ,\'\\-\ .
o \\\\ ” H
ROCKS T ' !
o \\ " _ :
o \, — ~\ . ] -
) _ \" ’ E
¢ ) o \
] K B R P ?";“.
* Minerals . Man-Made Objects - ‘~5a\\\{f
, e.g. biotite e.g. housebrick fragmeat T
feldspar : '
. quartz » ' ' )
v , T
Metamorphic Rocks o L .
‘e.g. gneiss ' oL
' marble s ’ v o :
schist =~ - ) L s R
T - -
v |
Sedimentary Rocks AR h 4 - o
e.g. conglomerate - o : : N
greywacke - . d
‘sandstone . -
‘greywacke pebble .
. : 2
“ v - - .
Igneous Rocks -
e.g.:granite
ignimbrite . ‘ R - = ' - ’
obsidian ' - S C ' : o 0 ‘
pumice ' ' ' ' ‘
scoria, . .
\r
o r' -
T  TABLE 2: A Simple Categorisation System (for, the samples used in this <
o investigation) Proposed by One Earth Scientist. . '
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The 1n1t1al group1ng stems -from - a. knowledge of the terms 'rock' and.

!mineral' and‘ the ab111ty _to reoogn1se - key examples: for “suhsequent
categorisation." o ’ .

qQ

' F{nally,y“he group of rocks' 1s subdivided further, depend1ng on mode of
- origin, as: recognlsed in the external appearance of 1nd1v1dual samples.
. The initial categorlsatlon, by learners, using the labeld of rock' and _
é'u .'_: 'Not rock' h1gh11ghts the d1ff1cult1es that are l1kely to be encountered wheniﬂ
. »“ '-\\the term rock' is not’' understood from a sc1ent1f1c standp01nt.__ When the .-
sc1ent1f1c Jeaning of the word ‘'rock' is not. apprec1ated learners are likely

to generate their own, 1dlosyncrat1c concept of 'rock'. This is l1kely to

; take on,non—sc1entrf1c meanlng and this meaning, could be influencedrby the

'plain’ éPPéaraQSE_QﬁfSOmelsaméles:’—w— T e

- 1. "So~that word 'rock' then - to.you - means something that's not

special?“<\;;\\\\\\\;\\ T . ~ )
C. "Yes - ust a lain™—so eth1n - you see~ on th 'road or -
. . J plal m“\\\ 9 ¥ £\ € -

whatever. .(601) o T ~}“§\‘ i N
, ne . '-\‘»"l.\\.z i . N oL

The 'we1ght"'19 of a particular sample’ is rare%&L used ‘\‘“‘the\\earth R

Scientlst 1n K d1agnost1c scheme, yet the novice’ cons1ders th1s feature to be

an’ 1mportant criterial attribute. of a rock This was _evident . at all age
levels. . .t R
"What - I call a rock - I go on welght -1 don't th1nk it's r1ght S

14

scient1f1cally, but - I just go on weight.” (704) : oo S

This use of non—sc1ent1f1c language occurs at .every 1level and, those ~f
. op1nlons expressed by - older students, are s1m11ar to the views held and :

"expressed by younger students- _
o
: "Someth1ng that«s really hard that —'can't break unless 1t's got a
o - lot of force put on it." (104) : '

The mneed for students to have a clear idea of the word 'rock’ cannot be.g

stressed too much. This became ev1dent in parts " (i) and (iii) of this

0, .
/ investigation also. .

) -8

19. Density can be a diagnostic’property for some mfnerals e.g. bar}te.i
. 5 . L . . . - .
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/;f—% ) ’ The lack of appreciation of the sc1ent1f1c meaning behind the word 'rock' >
' "1s l1kely to be aggravated by ‘the fact that no student was able to use the
" term 'mineral' in the scientific sense. " ‘
. ' . - ~ N K
e 4 - ) . . R ~. , i
: __Vl» The term stone took oqggeal mean1ng to many students and the word was‘\
. clearly preferred to the terms 'rock' and/or m1neral'° S ’ -
! . ’ - o VLe : Co . s . . e "‘e"//
i ’ “I would probably call that stone - or someth1ng to do with that. oI :
- wouldn t call it (1gn1mbr1te) a rock though. (304) .
. Q
" Let us consider two specific examples of “the ways 'in ‘which learners
‘categorised samples. These examples are selected because they examplify the
novices' use of a much wider variety of criteria when\class1fy1ng rocks and - o
) minerals: " ' e ' ’ S
| e e Sememo pOCKS . "NOT ROCKS .

- 7 crystal . - - Y . Stones © ! R
SRR - Rocks . . - R L] eeg. conglomeratew C T
IR - 1Y < e.g. granite o P I B feldspar

. marble _ : ‘ - : . .scoria
' o ' _ _ ' housebrick
' - . ¢ ° .. --fragment . R
, , : Y ) . ' ; ' R
\\S\\\ -~ Sandy Rocks : : o ' Y ' :
. b ' e.g. ignimbrite _ ' ‘ S v
" sandstone : . ‘ v ‘ o e T
T T . Pumice
- . ‘ T ‘ : - BeG.. Pumice ..
___l — i “ ,t..,..._ A .. . / m,.,l._.,.__- \/ e e e e et P — ._ e e Dot g e ‘ . | ’ -
Volcanic Rocks : - ’
e.g. biotite . _ o
gneiss . o AR
obsidian ' ' ; ' : e
, - schist : L : !
- : v . .
, ‘Stream Rocks -~ "
e.g: greywacke+
. greywacke - e _

: pebble . . ' }

: s : v R L
i d . ‘Rocks Formed by’
£ Heat
’ , A e.g. quartz . .
w o ‘ v' : . '-i - o '. L A
' L) TABLE 3: Categorisation Scheme as Proposed by a Fl\Student.
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o The‘-use' of non-scientific language in the categorlsatlon

is ‘evident

scheme shoyn in Table 3. Thisg proposal offers terms such as 'stream rocks',

'séndy rocks"' and 'crystal rocks' . 'Stones'. are seen’ to be something . qu1te
- “distinct from rocks wh11st pumlce is s1mp1y called as’ 'pumice'  with no,
S afflllatlon to rocks or m1nera1s. i oo I
N o e o - ‘ - .

Simjilar difficulties wére encountered when ‘more experienced students-

,_x\. categor1sed the samples although more appraprlate selectlon was somet1mes
' exper1enced° ’
U . ROCKS
! e 2 " Man-Made Objects
- - ) - ‘e.g. -conglomerate
® . ' . ignimbrite
o ' housebr;ck
® , o S . o : fragment
.'—‘ . vo. s - e B ) ) ) .
. Volcanic Rocks - ‘ v ‘ - R o
. e.g. obsidian
. pumice i !
. s . 8coria’, e
L eon )
o . Oridnary Rocks _ : . N 4 )
: ' e.3J. greywacke- . . ot : "
greywacke | - ' . . e :
pebble : I I K -
‘ . > o L ' \\ w© - ’
= e \\‘
o - ~ Exotic. Rocks k N
N e.g. biotite R RN .
h ) “ feldspar 1 1. \\
quartz R N
Rz
. , Sedimentary Rocks
) 4 o ’ - e.g. sandstone
- j Ly ‘
. T ¥ R
¢ ' ' o Crystalline Rocks
. o . . e. g gneiss.
: " granite
.. o marble
¢ ~ schist .
GT ‘TABLE 4:. Categorisatlon Scheme as Proposed ‘by a F7 Student. -,

- ﬂsﬂ‘“”f;_,;;y. BT ‘2‘5
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4 This category scheme, as shownsln Table 4, represents .one of the better
attempts by a student to group the samples in a sc1ent1f1c manner. Vbicanic"

' ; « and sed1men\ary rock groups were’ selected in an appropr1ate manner w1th

g
correct examples. -
@ - . o

hd f N : i c e

T e
Fa11ure to recogn1se the samples of conglomefate and 1gn1mbr1te led to

them be1ng placed in the ‘man-made' - category, alongs1de the housebr1ck

fragment. s S » -
. ' : ,
-~ ‘ ‘ Vs C . -

Th1s scheme typ1ca11y represents the 301nt usage of- 'both sc@entlflc and ‘
* 1
everyday category names. Words‘buch as 'ordinary and exot1c ~being used to
° .. t
generate categorles for samples that were not recognlsed as hav1ng a spec1f1c

- or1g1n or else for m1nera1 samprs wh1ch wereonot recogn1sed as such. \

~
-
q -

- - -
. C
'

P ' Ways in wh1ch learners’ respond to key st1mu1us-words that are seenL by ;

earth sc1ent1sts, to. be - 1mportant in the study of rocks and minerals

There have been a number of instances (albe1t small), - throughout \this
& » |

-
1nvest1gat10n .where learners, ‘across all age rangers, have provided

scientifically acceptable ideas about some: of . the stimulus-words. 1In this

o

- way, & m1nor1ty of students were seen to hold views, about aspects of rocks -

- . and minerals, wh1ch wene compat1b1e with the earth sc1ent1sts' perspect1ve.;

-

v These 1solated 1nstances however, appeared to be in contrast to the ways in

. which the majorlty of students perce1ved the terms ‘rock’ and 'mineral'.

V-

&
. . . [
LS LY

o IE may ‘be" pertinent to look\\at a summary tableﬂﬂqf findings .which
emphas1se some of these p01nts. : This information stems .directly " from- the yx\u
phase of ‘the 1nvest1gat10n whereby learners were shown spec1f1c stimiulus-words
and were asked for the1r explanatlon. The 1nformat10n that w;s\gleaned from. :
th1s phase re1nforced, 1n many ways, some of the f1nd1ngs from ear11er phases i

of the 1nvestigat10n. Lo L T o - %* e

.2’3.;




’ -21-- T
.)\')‘ - 01,
[ d & .
SCIENTISTS! VIEW LEARNERS' VIEW - IDIOSYNCRATIC VIEWS,
A rock, simply . 1) Spmethlng hard 1) Somethlqg you Just
o speaking, is a - o 2) Heavy th1ngs ' find
WHAT IS mixture of various, 3) -Dull coloured ) 2) Something that Just
. m1nera1s. However, objects M looks like rock
A ROCK? ‘', some rocks may be -~ The earth scientists'. 3) organic material
: . . made up of only one  view was rarely - 4) compressed soil
- mineral. o prov1ded.v : S g ‘ ~
- An inorganic sub-= 1) Rocks are made up 1) small stones
. ‘stance, having a - 'of minerals -(9%) . 2) precious things
WHAT IS A definite ‘chemical - A spectrum of ideas
. A compos1tlon and ..determined by every- s
MINERAL? ordered‘atomlc ' day meanings such-as
: arrangement.. Simply &) mineral water _- -
speaking, minerals b) minerals and
make" up rocks.; ' vitamins .
B "o A ¢) mineral resources Cos ~
e T ‘e.g.-0il, coal - v '

~

i

. TABLE 5; A Comparlson of Learners® and Sc1ent1sts' V1ews of the terms

c

-7 ‘'rock' and m1nera1'

It -would appear that d1fflcu1t1es do exist in gett1ng the learner to

appreclate the sclentlsts' view of terms such as rock' and m1nera§{.;3The'

student is 11ke1y to offer an 1nterpretatlon of such words, which are mouided

by 'everyday language and 'everyday cr1ter1a such as 'a rock isAhard' or

'rocks are heavy and solid' or grey in colour. In this regarxd, considerable_

‘confusion emerges as to the differences between ‘the word 'rock' |[which 1s a .

“valid and s01ent1f1ca11y def1nab1e term] and 'stone! [which readily takes on

non-scientific meaning and is genc:ally not part of the earth scientists!®

vocabulary].

Th1s p01nt can be’ made by referr1ng to an extract frpm an interview with

experience in the earth sclences-

-

I. "What is a r0ck -.in your mean1ng of the word?"

T

K.  ™Rock is a fa1r1y dense - - - partlcle. ‘I use the word ‘particle’

' here - ‘I.use the ‘word' 'rock' - something that has got - sort of
- a mass of - what would . we1gh a kllogram plus. . 'Anything less"//
than. a kilogram is- probably getting back into the 'stone'-“

-s1ze. So a. rock 1s someth1ng fa1r1y~ substantial that's got S
considerable mass." . :

. g v S o R
PRV . hy' JREN b e
i O n : © S oo o

. an experlenced ‘science’ teacher who “had ,majored in »Elology_ but had 1little
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e S 1m11ar problems ‘were encountered W1th the learners' views of the term '

fmineral‘.r: A whole range of everyday‘ meanlngs emerged whilst the earth .

scientrsts' v1ewp01nt - was totally ’ unapprec1ated by students in th;s -

cle . T | . °

investigation.

—_

e

_ If the terms ' 'rock’ and ‘m1nera1‘ are _not understood in their sc1ent1f1c

context then we might pred1ct that the class1f1cations of rocks and the terms

. 'sed1mentary ,7 ‘1gneous' _and’ '‘metamorphic' may not be perce1ved by the
¢ ‘ student, in the way that teachers think they m1ght be perce1ved.

The following table ~summarises the learners' -views of the terms

'sedimentary‘,;'igneops' and ‘metamorphic', whilst looking at the scientist°s

view of these terms:

SCIENTISTS' VIEW " . _LEARNERS' VIEW IDIOSYNCRATIC VIEWS

L et e e e

" ' Generally speaking, a 1) No ideas (388) ‘1) Rocks of the ocean |

category of rock: 2) A kind of rock 2) Hard rock
formed by the .accumu- ©(41%) C 3) Something organic
- ’ .lation and cementation  3) An apprec{ation . 4) Jagged rocks
SEDIMENTARY of 'sediment. Trans— of sedimentation '
K ‘ported particles - .shown "(6%) ‘ /
. #  Qderived from pre- . 4) Spectrum of ideas - _ PR
5 ‘ " existing materials. including notions- - - '

of genesis via
volcanoes -and/or

;ﬂf"*I L : ‘l | ‘ | w.l: P heatj;

Generally"speakingi a 1) No ideas (44%) 1) Coloured rock

. ‘category of rock, . 2) A kind of rock 2) Shiny rock -
, IGNEOUS formed by the cooling (35%)
Lie : and solld1f1cat1on of -3) Association with
‘ : ‘ magma. . o fire or volcanic’

eruptions (29%)"

Generally speaking, a 1) No ideas (54%) 1) Something to do

. category of rock, .- 2) A kind of rock . with plants
" formed by changes to (35%) ' 2) Layered rock .
" pre-existing. rocks. 3) A rock that has. 3) A rock found ‘in
.. METAMORPHIC Such changes are ' _ been changed by = - a stream
: . typically caused by - ; some means (6%) *
‘high temperature,. : e v _ o

.”h1gh pressure or both.

"Ii .

_'TABLE 6: A Compar1son of Learners' and Sc1ent1sts' V1ews ofﬂthe Terms

° _@{«'Sed1mentary ’- ‘Igneous' ‘and 'Metamorph1c' L S -

" ' T e
y "-»' L . o
e . . .
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D1ff:761tres immediately- arise when, for 1nstance, the learner associates

the. terms 'sedimentary . 1gneous' and-'metamorphlc' w1th kinds of rock - yet .

has not grasped the s01ent1f1c mean1ng of the term rock' . Clear examﬁiesa B

‘have _been C1ted to show how; even the more‘experlenced student will read1ly

accept that sandstone, for 1nstance,zcan be fsed1mentary formed', yet the same

'learners' ab11ity to ‘think 1n terms of ‘what is. meant by a rock' and the1rv

student will deny'that it const1tutes a rock To- re1nforce th1s pattern of

th1nk1ng, there was a more. marked- tendency for learners\lo acknowledge that

“_pum1ce has a volcan1c orlg1n whilst not recognising that it is.a rock.

-

. a \ N - . ) -
: . - . . ——

Comment nwith"~re9ard'wto' -individual rock and m1neral st1mulus-wo€é e

revealed that students generally had”’ 11ttle or no background informatlon to

offer. ' This problem appears - ‘be /compounded by the; fact that 'the

. 1dentiflcat1on and descript1on of 1nd1v1dual rock types hinges greatly on the

- /
modes of fornat n. If th1s 1s not ach1eved then students w1ll only~@cqu1re

\superflc1al ber +ound 1nformat1onrv1a 1mage-recogn1t1on and rote learn1ng.

AR - N

N et o N

o - e e
Once aga1n, it was noted that students frequently 1nd1cated that they had .

heard of rock names such as gran1te yet, in this part1cular case, not one of

. the students was able to 1dent1fy the ‘rock from amongst’ the samples prov1ded.ﬁ

The topic 'rocks and m1nerals cannot be ‘taught as .a ser1es of def1n1tions of

et

rock types, Ealong with wr1tten examples. F1rstmhand experience must « be_

prov1ded in. the form . of “actual samples of rocks 'and m1nerals, with ample..

.opportunity for students to exam1ne these closely. s o

s It might be . argued that a much larger sample size and/or an extendedg

wr1tten survey may :not substant1ate .these . f1nd1ngs yet, in v1ew of past

research and many off-the record d1scuSS1ons with other students and teachers,"

I would confidently predict that, on the whole, these f1nd1ngs relect fairly

‘accurater the level of concept understand1ng, this topic “area, finmi‘

°

.New® Zealand schools. - ,

[y
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APPENDIX A - GLOSSARY OF TERMS

Biotite: A _common rock form1ng m1nera1 known as-black-mica:~ Biotite ig™ =~

— T T frequently found as a m1nera1 of metamorphic_origin,—e. ~—biotite-schist:
. . Boulder: ' A rock fragment generally exceeding 200mm in diameter:

i Cobble: A rock fragment, generally ranging'between 50 and 200mmkin diameter,

- Conglomerate- A coarse-gra1ned sed1mentary rock made up of rounded orr

R : sub-angular fragments, larger than 2mm in diameter. These fragments, are

. . . set in‘a matrix of fine-grained mater1a1 such ‘as silt or sand, - o oo

-Crystal:s An homogenous solid, bounded by plane SUrfaces,‘having a definite -

symmetry which is an expression of the internal'arrangement of - the atoms.

Feldspar.A The domlnant mineral type in most 1gneous rocks. Chemically, the

feldspars are the aluminous S111cates of potass1um, sodium and calcium,

Gneiss: A coarse—gralned metamorph1c rock wh1ch shows compositional bending
' and parallel a11gnment of minerals. Gne1ss may Simply . be metamorphosed

granite or of a far more complex or1g1n.

Granite: ~Avcoarse—grarned, igneous rock- composed of quartz, feldspars and

micas,

Gravel: A natural, loose accumulation of rock fragments w1th a S1ze range of

e 2-50mm in d1ameter.

Grezwacke. AT ver hard, grey—coloured sandstone wh1ch conta1ns s1gn1f1cant

amounts of quartz and feldspar.'

Q

I - .t

Igneous Rock: A rock that has formed by the coollng ‘and solidification of ) i'h;

- molten or. partly motlen magmd. Igneous rocks typ1ca11y consist of an

interlocklng aggregate of 5111cate minerals.

ES—

’

'Ignimbrite:- An 1gneous rock, that has formed V1a the depos1tlon and

consolldatlon of volcan1c ash.

el - . e, e R A L




X Lava: A general term for molten extruded material. . The t;:;\I;\EBﬁmo ly used,.
| to refer to the rock that has solified from the molten lava. nf\\\\\\\\\\\;

u

Magma. Naturally occurr1ng f1luid molten rock mater1al which is genetated, at

. depth,)benbath the surface of the Earth.' Igneous rocks orig1nate from

- 4 . \ "
= % - nagma. - - \\l_.‘ i e S
B lL\\- :

' 'Marble. A metamorphiolrock, commonly formed by the recrystallisation of

limestone and. its 1ater ‘hardening by heat and pressure.

'

Metamorphic Rock: A rock which has resulted via the transformation of pre-

existing rocks as a result of high pressure, high temperature .or both.

4.,.__‘. B R . .- - -

Mineral- A naturally occurring elemen. or compound wh1ch has a def1nite

T e chemical composition ‘and an ordered atomic arrangement.

- - -

]
o

- ,f . Obsidian: A dense,_dark-coloured, volcanic glass which shows distinctive

curving (conchoidal)ffracture.patterns;

. Pebble} A rock fragment, génerally ranging‘between‘4 and 50mm in diameter.

~ Pumice: A 11ght coloured, low density volcanic rock, hav1ng similar

compos1tion to obsidian. Pumice is formed by the rap1d cooling of magma. .-

"

- Quartz: An important rock—form1ng mineral composed of crystalline si11ca.' It

is frequently found .in many. rocks, part1cularly in the more 'ac1d'

(silica—r1ch) 1gneous rocks, such as granite.\

Rock: . A naturally occurring aggregate of one or more minerals.
: Sandstone. ‘A sed1mentary rock made up of rounded or .angular. fragments with
diameters of .02 to 2mm. Such fragments are likely to be quartz,

feldspar and various rock fragments 'cefmented’ together. ) L S

H

N

_Sch1st- ‘A more highly metamorphosed rock than gne1ss. schist shows a-

pronounced parallel alignment of-flaky m1nerals and tends to. split along -

wavy, uneven‘limes.

—

-
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~Sedimentary Rock: A rock formed by the accummulation and cementation Gf

'sediment\ which has “bBeen "transported by wind, water or ice to the

. : despositiqnalngitg,iwﬁomg'chemicél;Sediméntary.rocks may be produced by
o SESPOSIEIONE ‘ . , | s . ! :

. .l" \ )
- ! PIECiQ&fE;ioni ;
v - 'Scoria:_ A dark| red or black-coloured rock, forméd from conéealed lava which
has a high |proportion of ferromagnesian mineréls, ) -
~— .
a v
+

ERI
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‘APPENDIX B - A FURTHER NOTE ON CLASSIFICATION :

.
it The —igneous-—rocks—might-—be-- further - divided—into—plutonic—rocks;y —ive. - =7
where magma cools very slowly, at depth; pyroclastic rééks(¢;{Téfff§hétézwii;;j

material is ejected explosively from a volcano; volcanic rocks, i.e. where

lava cools rapidly on leaving a‘volcano:' . ' : f .
IGNEOUS ROCK . PLUTONIC ROCK. ’ PYROCLASTIC ROCK . ) VOLCANIC:ROCK
granite \- granite e
ignimbrite ' ' . 1ignimbrite
obsidian ] L . C . obsidian

: Id : e
pumice N pumice . f
scoria - o __ scoria. -~

'jﬁ@hev*séaiﬁentary‘ rocks could be further classified on the basis  of

=" particle size and composition whilst the metamorphic rocks could be subdivided

agéin, on the basis of their degree of metamorphosis{

«

'




